Electron paramagnetic resonance (EPR) spectroscopy was applied extensively in studies of nucleic acid structures and dynamics. Two modified 2'-deoxyuridine triphosphates were synthesized bearing a spin label linked to the base by a rigid linker to ensure a tight coupling of spin label dynamics. The incorporation of both spin-Iabeled nucleotides could be shown in primer extension reactions in presence of DNA polymerases from eukaryotic, prokaryotic, and archaic origin. In further experiments we were able to introduce multiple spin labels during primer extension reactions.
INTRODUCTION
Several methods have previously been established for the introduction of a paramagnetic centre like stable nitroxides at a specific site into DNA. Spin labels were introduced by employment of an already spin-labeled building block during automatic DNA synthesis. 1 Alternatively, functionalized building blocks were introduced in the growing DNA first and subsequently coupled to a spin label on solid support.
2 However, the length of the oligonucleotides and their degree of modification is restricted by the inherent limitations of automatic DNA synthesis. Other approaches are based on the incorporation of additional functionalities in nucleic acids that are conjugated with activated multiple spin probes after their chemical or enzymatical synthesis.
3 Still, the usage of a short but flexible linker connecting the base with the spin label is a disadvantage for EPR analysis.
Here we present for the first time the site-specific introduction of spin labels into DNA using suitably modified nucleoside triphosphates as building blocks in DNA polymerase-catalyzed template directed reactions. Using this approach the synthesis of multiple spin-Iabeled long DNA oligonucleotides is feasible. We found that DNA polymerases from eukaryotic, prokaryotic, and archaic origin are competent in the employment of spin-labeled nucleotides as building blocks for DNA synthesis.
RESUL TS AND DISCUSSION
To put this approach into practice, we first envisaged the synthesis of the spin-labeled nucleoside triphosphates 1 and 2 that contain nitroxide based paramagnetic centers connected to the nucleobase (Scheme I). In order to access DNA polymerase acceptance of these nucleotides in dependence of the lengths of the linker we used different rigid Iinker lengths synthesized by Sonogashira crosscoupling.
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Scheme t. Synthesized spin-labeled nucleoside triphosphates and 2
Having the nucleoside triphosphates 1 and 2 in hand we next studied their action on DNA polymerases and investigated the propensity of the Klenow fragment of E. coli DNA polymerase I (3'---+5' exonuclease deficient variant, KF( exo-)) and human DNA polymerase ~ (Pol ~) to accept 1 and 2 in primer extension experiments. First we used a 32P_5'_end labeled 23nt primer / 35nt template complex that calls for incorporation of a single thymidine analogue. When the natural TTP was substituted for 1 or 2, respectively, reaction products were formed. After purification of the enzymatically synthesized DNA by HPLC, CD spectroscopy was conducted and indicated that the modified oligonucleotides adopt similar overall B-form conformation as the unmodified strands.
Successful incorporation of both nucleotides derived from 1 and 2 was further verified by ESI mass spectrometry and EPR spectroscopy. EPR spectra of 1 and 2 (Scheme 2, traces I and II) can be fitted well by a~suming isotropic rotational diffusion in the fast regime:> with rotational correlation times 'Ic of 57 and 95 ps, respectively. The increase of 'Ic with increasing linker length is in line with expectations. After incorporation (traces III and IV) the model of isotropic rotational diffusion does no longer fit the spectra. Relative line intensities are consistent with preferred motion about the Iinker backbone axis. Molecular rotation perpendicular to this axis is slower, but is still well within the fast regime for the shorter Iinker (trace Ill). This publ. in: Nucleic Acids Symposium Series 52 (2008), 1, pp. 373-374 Konstanzer 
